Abstract -Experimental infections of Lymnaea truncatula with a digenean species (Fasciola gigantica, F. hepatica, or Paramphistomum daubneyi) were performed under laboratory conditions to study the effect of four sources of food (microalgae, romaine lettuce, wheat germs, or modified Boray diet) on cercarial production. The mean number of F. hepatica, F. gigantica, or P. daubneyi cercariae was significantly greater when snail food was microalgae or Boray diet. The lowest cost prices for 100 metacercariae of F. hepatica (9.7-10.1 euros) were noted when algae of Boray diet were used as food for snails. In contrast, the highest prices (18.0-18.5 euros) were found in lettuce-reared snails. The choice of a source of food for breeding the intermediate hosts of F. hepatica and collecting metacercariae must take into account the importance of the commercial demand for metacercariae and will depend on the strategy the producer wishes to develop.
INTRODUCTION
The breeding of amphibious snails such as Lymnaea truncatula under laboratory conditions is difficult, since suitable conditions must be provided for their growth. Since this snail species can act as an intermediate host in the life cycle of several digenea (Fasciola hepatica, or Paramphistomum daubneyi), some rearing methods and several sources of food have been proposed by different authors [2-5, 7, 8 ] to obtain higher production of metacercariae. Most of these methods are based on the culture of microalgae as food for snails, while others use a food composed of dried leaves of several plant species and a calcium salt.
The experiments carried out by our team over the last 20 years have been performed using steeped lettuce to feed snails under laboratory conditions [1] . To enhance the number of cercariae released from infected snails in our laboratory, it was interesting to select a source of food other than lettuce, to study its effects on parasite production, and to determine the most profitable food source by its low cost. In view of these findings, the two following questions arose: what is the best source of food in order to obtain a high cercarial production from L. truncatula experimentally infected with a digenean species? What is the most profitable diet according to the quality-price ratio for feeding infected snails? To answer these questions, three experiments in 1999 and 2000 were performed using four sources of food.
MATERIALS AND METHODS
The three populations of L. truncatula originated from central France and were living in road ditches at Masvaudier, commune of Saint Michel de Veisse (department of Creuse), at Le Grand Moulin, commune of Veyrac (department of Haute Vienne), and at Chézeau Chrétien, commune of Migné (department of Indre). Samples of 50 or 100 snails each, measuring 4 mm in height, were collected from each site and were progressively acclimatized for a 48-hour period to a constant temperature of 20 o C. To obtain eggs from P. daubneyi, we collected adult worms from the paunch of local cattle and placed them in normal saline solution (0.9% NaCl, 0.45% glucose) at 40 o C for 4 hours. The eggs of F. hepatica were collected from the gallbladders of the same ruminants when the latter were heavily infected with this trematode. Those from Fasciola gigantica were collected from the gallbladders of French calves three months after their infection with a Chinese strain of metacercariae. After their collection, all eggs were incubated at 20 o C for 20 days in the dark.
Three experiments (A, B, and C) were performed using a total of 16 groups (Tab. I). Three groups of uninfected snails were used as controls, while the snails from the 13 other groups were each subjected to bimiracidial exposures. The snails were subsequently reared for 30 days in polypropylene boxes 1 m by 55 cm and 15 cm high (50 snails per recipient). The breeding method has already been described by 96 D. Rondelaud et al.
Abrous et al. [1] . These boxes were placed in an air-conditioned room under the following conditions: a constant temperature of 20 o C, a diurnal photophase of 12 hours with a 3000-4000 lux light intensity over the boxes. At day 30 post-exposure (p.e.), the survivors were individually placed in 35-mm diameter petri dishes, each containing 2-3 mL of spring water and a piece of food. These dishes were maintained in the same air-conditioned room at 20 o C as the breeding boxes. Every day the water in the dishes was changed until snail death. Cercariae were counted and removed from the petri dishes.
Four sources of food were used. The first was leaves of romaine lettuce, originating from a private garden, grown without chemical treatment, and used after their stay for five days in stagnant spring water. The second source was constituted of blue and green algae (with Monostroma sp. and Oscillatoria sp. dominating) after their collection from snail habitats and their cultivation in 10-cm petri dishes, on sterilized wet mud for four weeks under 12-hour illumination per day and at 25 o C. The third source was constituted of 10 g of pulverized and dried wheat germs (Sigma, L'Isle d'Abeau, France) in 60 mL of spring water. The last diet derived from that used by Boray [2] was composed as follows: 5 g of pulverized and dried lettuce leaves, 5 g of pulverized and dried wheat germs, 0.3 g of calcium phosphate, and 60 mL of spring water. Food was distributed ad libitum in breeding boxes and petri dishes.
The parameters studied were the survival of snails at day 30 p.e., the prevalence of infection with a digenean species, and the total number of cercariae. A comparison test of experimental frequencies and one-or two-way analysis of variance [9] were used to establish levels of significance.
Sources of food and breeding of Lymnaea truncatula 97 The cost price of F. hepatica metacercariae was calculated in each snail group by adding the cost of time that a technician spent for the preparation of snail food, maintenance, and metacercaria collection, to the purchase price of consumables, and by dividing the value by the total number of metacercariae recorded in this snail group.
RESULTS
In experiment A (Tab. I), the survival of snails at day 30 p.e. and the prevalences of F. hepatica infections did not show any significant variations. The number of cercariae was significantly higher (F = 4.19, P < 0.05) in alga-reared snails, whereas the origin of snail population had no significant influence. In experiment B, the survival rate of controls at day 30 p.e. was significantly greater (P < 0.05 for each source of food) than that of miracidiumexposed snails. The prevalences of infections did not show any significant differences. The number of cercariae in the Boray diet-reared groups was significantly greater (F = 8.71, P < 0.01) than that noted in lettuce-fed snails, whereas there were no significant differences between the number found in the wheat germ-fed snails and those from the two other groups. In experiment C, the survival rates of snails at day 30 p.e. did not show any significant differences. The prevalences of F. gigantica infections were significantly lower than those of other digenean infections (lettuce-reared snails: P < 0.05; Boray diet-reared groups: P < 0.05). However, for each trematode infection, the differences between the former and the latter groups of snails were not significant. The number of cercariae was significantly higher (F = 4.05, P < 0.05) in the Boray diet-reared snails, whereas digenean 98 D. Rondelaud et al. 
